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Subject: Informal Monthly R.port on the Investigation of Stress
Corrosion Cracking of High Strength Steels for the Month
of April 1964, Report LO414-02-7

To: Commanding Officer
Frankfort Arsenal £
Philadelphia, Pennsylvania - FS

Reference: Contract DA-Oh-ﬁ95-0RD~3069, Modification No. h

This is the thirty-first in a series of informal progress recports submitted
in partial fulfillment of the contract. It constitutcs the seventh monthly
report on the second one-year continuation of the original two-year program.

It was wvritten by R. B. Setterlund who was supervised by A. Rubin.

I. OBJECTIVES

A. To study the stress-corrosion characteristics of 18% nickel
maraging steel with respect to compositional variation.

B. To study the effect of cnvironmental temperature on the rate of stress-
corrosion cracking in three alloys: 18% nickel raraging steel, a low-alloy
martensitic steel, and a hot-worked die oteel.

c. To study the electropotential changes occurring in 18%-nickel
maraging steel during stress-corrosion exposure, and the effect of applied
potential. '

IXI. WORK PROGRESS
A. COMPOSITIONAL VARIATION

In order to study the effects of compositional variation, four heats
of 18% nickel maraging steel were obtained from thrce vendors. It was felt

_ that these four heats, in conjunctlon with the heats previously tested, represent

the compositional range of material under present commercial production.
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Particular attention is centered around the 250 ksi yield strength lev~l, where
the 18% nickel marsging steel appears to have the greatest utility. The
chemical analysis of these materials are shown in ‘Table 1, group b, and the

mechanical properties in Table 2, group b.

These four heats along with conventional alloys. grour ¢, Tables 1
and 2, are being tested in the three environments that caused the most rapid
failures in the previous years' work. These are: (1) aerated distilled water,
(2) aerated 5% NaCl solution, and (3) 140°F water-saturated air. Three replicate
tests are being conducted for each test condition, using beam specimen = stressed
elastically to 75% of the yield strength, as well as plastically deformed U-bend

specimens. These tests are nearly complete as shown in Teble 3. Basically

our tests have shown:

1. ~ Stress corrosion susceptibility of maraging steel increases with
strength levelS however; even the-lowest strength alloy tested {181 -kst yield)
failed when tes\ed in a U-bend configuration in ambient water envirenments.

2. Complete immunity to failure can be obtained with the conventional

martensitic steels by employing a sufficiently high tempering temperature.

3. " The addition of 3% NaCl to distilled water lessens the suscep-
tibility of the test alloys to stress corrosion failure. Tais trend was _most

gable with the DoAGC-masexrial.

B. ENVIRONMENTAL TEMFERATURE

In order to assess the effgefs of environmental temperature, bent

beam and U-bend specimens were teste i distilled water environments controlled

to 120 and 1600%; 1 specimens alled except forn%he
low alloy steel tempered at llOdé;. Environmental temperature was found to have

a great effect on the fajlure time of maraging oteel with the susceptibility

doubling for every 186¥(1ncrease in temperature. th
steela—wert fomd-to-be- littie-effected by bomperatuwrs. - v -

—t

Table 3 shows the overall status of tasks A and B. Individual failure
times were shown in the previous Quarterly Report and final results will be

detalled in the next report, which will constitute the final summary report.
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C. ELECTROPOTENTIAL CHANGES

Two individual experiments are being conducted to study the clectro-
potential changes and the effect of applied potential in 18% nickel maraging cteel

in order to understand the mechanism involved in stress corrosion cracking.

1. Utilizing & center cracked specimen, the effect of applied
stress on crack tip corrosion potential was determined. The potential of 18% nickel

steel was found to become 0.0175 mv less noble for every 1000 psi net stress.

2. Utilizing 20% nickel maraging steel bent in a U-bend configuration,
the effect of applied constant potential on stress corrosion in a 5% NaCl solution

was determined. The results are shown tabulated below:

Initial
Volts to Current Density Failure Time
Saturated Calomel Cell (MA/in.2) (br)
-0.95 -3.6 2.1
-0. -2.0 no failure (168 hr)
-0.39 ~-0.5 1.2
-0.36 -0. 4 2.1
- none 1.9 and 2.8
-0.15 e L. tho 2.1
R

Elhase—teai‘.s—sheu-tha-t{';qy application of the proper amount of
cathodic current, stress corrosion cracking of mraginé steel may be stopped.

However, if the current is increased over this critical amount, no protection is

furnished. = Thege testi-ase-ccntiouing.

AEROJET-GENERAL CORPORATION

U R
Dr. 5. Brelant, Manager
Materials Engineering Department

Structural Materials Division




Report No. LOLlL-02-

- €000 20°0 $$°0 980°0 -
- ¥00°0 - 6o €00 -
- %00°0 €00 26°0 lt0°0 -
- - - g0 - -

- €00°0 %00°0 ON'T 200°0 -

- - - 001 - -
= 20070 900°0 29°0 {On°0 -
- - - 260 - -

- 9€00°0 - o8¢ $o0 IO

I T W W Tw W

‘MW Lrvisswerddne UTWAGO 03 POEM 3q TTIA WeIPold stolamid "Iy TiSvE swog
h 4

- %0 - £6°0 o2°0 €00°0 600°0 29°0 <640
- ¢€1r - - 26°0 9000 0100 W°0 g0

60°0 £8°% 906 %Gl  %0°0 900°0 %00°0 €00 €0°0
T1°0 Sl°y 00°g %91 ’ $0°0 00’0 %00°0 €00 €£0°0
90°0 09°w 09°L SL°LT OT°0 $00°0 %00°0 60°0 20°0
(10 pv'§ kg 6L°lt So0 900°0 $00°0 90°0 620°0

6o - = T 90°0 $00°0 200°0 60°0 60C°0
9L0'c 06°y €06 09°FT %T0°O $00°0 900'0 GO'O 20°0
620°0 26°% 06'§ 69°gT T0°0 $00°0 €00°0 TO'O 2ZT0°0
&O°0 26°% gv'g T6°gT 600°0 @000 w000 200°0 62070
T2°0 %@°% 00°L gv'gl  $T°0 900°0 100°0 g0°0 20°0

W W 8. W W 7% d_ ™ 3
¥ T3 18030 .

FIVIEAIVN MVEO0ML 40 SISLIVAY TYODGID Q3 LATIHIO-TIIN
v

Lw(z-n wnpwi-LosgRerTy
MELO  eLOTTY wnjpwaw,
STe0S MITAIg-UITR TVDTIoMm)  (3)
§92l0  sfoTry wnyprOw,
98552 o0 sqonyw]
€980  sfoTTY wnTpwuw,
€25096€ T*e3§ STTendey
mBol Jussely 303 Teeys Buiterwy (q)
waaz-n  wnpoy-Lusgeryy
9ly wnyptvy-Kusg@atry
sltez-n  wnEnI-Los@erty
em TPy Aus ey
205096¢ tens sprandey
mlol] STOTAN ®02) teng Fuilurwy  (v).
LI T 5 0.

Table 1




LO41h-02-7

Report No.

"3,00§T JY T paTWeTTR ‘Dacnpas prcd §06 poatecey

*SIweY Lrcywieqsy QT oo~!. .
‘MW LawuaoeTddns TTelge ©3 pesn 3q TTIA TAISCId sretasad meay Teninwa clun.

281 5°1¢ (+4 9 €192 nie 3009 2 le¢e-n enyeni-Luedatry 1-€
gz §gn o€ ] 2-me ¢ 009 2 » 2-g
< ™ 144 s L L 9102 D06 2 €-q
€95 ™™ Al Tt Sgre . 1-€02 200T1 L4 lR{2-4 wWnTpnI-LTagleTlY %-g
62¢ L1 »n ol n 262 ez aons Ny %16l0 SLZTTY WnTperes -y
n-gn € ¢ <9 9'0g2 §-¢ee F 313 i 2-v
- §-2¢ 2n 0°9 g nge 9-2¢2 IS201 <-v
- 3] m 0l Ll 2612 25101 vy 716.0 S/OTTY WNTPWIR, -y
18938 WPaIE YITE TWWOTITRANC) (D)
jod el (o314 0°gt o°n 1°gg2 1°6l2 Jdooé 11 geLlo sLoTTY tnypwuw, K
crome (48 {4 VAL 14 0°$ 112 L€R 4 958959 8,8 9qo3w] N
c-2ke 0-én - 0°y e'ge 2gne 4 9.0 SA3TTY unypwuwy 1
lUpfe o-2n 0°¢y 0°S L0681 S 191 Fieo's 1 €25096¢ 19935 >71qnday b
marBoly JuIseay Jcg Te8dig Suyderer (a)
$EH cong 011 o€ g-eof €162 05 " A5The-n  EATPM-AWSWATTY 1-F
. [
Cresy e34=14 orl2 19F] oroff €-¢eC Fis o' 4 I 1
©oTrest $-¢¢ o-gf o°g ) o"né2 . o°<ge 4 B TN2H 1-1
e 4 14 c6 0°¢ €-¢92 n-85€2 4 8T enTpng-AzagBatry . 9-1
colis $-0¢ 0L 0" Loz , €-5%2 006, 4 205096¢ Ta93g o71Qnday -1
JTBCg STCTAN Wy 19935 BuTPerw (9)
P THRTTEY GRTSSE W W wiathee:  BNIOETS TFURIIE TiueL  TRUUSISE PISTI T3; VICH &I<E T CH aveR 1371ddng X
Te) MEzem = § 3 7w 398330 92°C PEF T O Ml
TerLlr siwmas
(vIva I3roway)

SIVIMEIVA WYEO08d J0 SSLLIEI0N TYOIRVEDTH

7 Iyl

Table 2



No. LOWYh-o, =7

Repor!

€ 2 A €
o o« X £ <
o« ot « €
< < « < <

ok
< € < £ =

LY
m

*IDITIve Qorm
PaTI®] 3AWY a3aq3 Jo dnox® Jo oaj {mrydeds ¥O1iaawm oy -

‘pamuwrd sy 0 - -

*3831 Uy ATIuesaid Tenrswy - ()
"8I 03 sAmMIT g - g

300 aAvy WS ‘POTTVI aawy ewof - d
‘PATTSS aawy satdues Y - ¥y

] Y Y v v Y - - - Y v TImw PITTIINIG BDIT
v v v v Y ¥ - - - Y - ITY PARIINE JOYT
v v v v v v - - - v v 2a3wn PITTIINGG 2T
Y v v ] A (d) - - - - y da3%p TS paramzay
Y v A4 v v - - - v v a93wx PITTTISI] pPoInIsy

8353] paad-q
v A4 v v i ' ] v ] v Y 399 PITTIING JO91
v v v \ Y \ v v Y v v ITY pRIRMINS Jont
v v v v v v v v - v - 2239y PATITINIQ SOTT
' v v v (%) (%) v \ i P ¥ v 49394 ITVS paswtay
Y. \4 v v 4 (x) v v [ v I93en PITTTISTY PoAWIY
) 8383] Weag 3tag
O T W OT Y L TI I I T%

(29T 39CD € AL enpipae) [nroee

ONILSEL ROXXAHEO SSIHLS A0 SNIVIS

T TEvi

Cvmm—m e e o . . - . et ee s ek et e

Table 3



